, and absorptions due to g-lactone (1766 cm
Ϫ1
) and ketone (1710 cm Ϫ1 ) were also observed. On examination of the 13 C-NMR spectral data together with the 1 H-NMR spectrum, the presence of a b-glucopyranose unit was substantiated by six typical carbon signals, the remaining 13 carbon signals comprising three singlet methyls, four methylenes, two methines and four quaternary carbons. One each of the methines and quaternary carbons were expected to have oxygen atoms from their chemical shifts [d C 73.3 (d) , 87.3 (s)]. From the above evidence, the basic skeleton of 1 was expected to be a megastigmane glucoside. The isolated ketone was placed on C-10, due to that the terminal singlet methyl protons appeared at a relatively deshielded chemical shift (d H 2.15). Two sequences of protons were observed in the 1 H-1 H correlation spectroscopy (COSY) spectrum, such as from H 2 -2 through H 2 -4 and H-6 through H 2 -8. One singlet methyl signal (d H 1.44), which correlated with C-4 and C-6 in the heteronuclear multiple bond correlation (HMBC) spectrum, was placed at C-5 as H 3 -13. While, another singlet methyl was placed at C-1 based on HMBC correlations between H 3 -11 (or 12) and C-2 and C-6 (Fig. 2) . The anomeric proton correlated with C-3, which possessed a proton [d H 3.89 (dddd, Jϭ11, 10, 7, 7 Hz)], coupled with H 2 -2 and H 2 -4. Thus, the g-lactone was cyclyzed between C-11 or C-12 to the hydroxyl group at C-5. Judging from the coupling constants of H-3, H-3 must be in an axial position. In the 1 H-NMR spectrum, the H-2eq (d H 1.85), H-4eq (d H 2.23), and H-6 (d H 1.80) protons appeared as relatively broad signals, and close inspection of the COSY spectrum revealed cross peaks between them. This implied that these cross peaks were due to W-figure-type long range couplings and the H-6 proton had to be in an equatorial position. Thus, the side chain was in the axial position and phase-sensitive (PS)-nuclear Overhauser exchange spectroscopy (NOESY) correlation between H-8 and the methyl group at C-1 substantiated that this methyl was in the equatorial position (Fig. 3) . Therefore, the lactone ring was in the opposite position to the side chain. This was further confirmed by the PS-NOESY correlation between the equatorial H 3 -13 (d H 1.44) and H-6eq protons. Supinaionoside A (1) was enzymatically hydrolyzed to afford an aglycone, supinaionol (1a), and D-glucose. In the 1 H-NMR spectrum of 1a, the H-2eq signal had clearly split into doublets of doublet by Jϭ1, 1 Hz due to W-figure-type long-range couplings with H-4eq and H-6eq. The absolute configuration of supinaionol (1a) was determined by the modified Mosher's method, as shown in Fig. 4 . 17) Therefore, the structure of supinaionoside A (1) was elucidated to be (1S,3S,5R,6R)-megastigman-3-ol-9-on-12(5)-olide b-D-glucopyranoside, as shown in Fig. 1 . Recently, the compound, everlastoside A, which has the same planar structure as 1, was independently isolated from the flowers of Helichrysum arenarium during the phytochemical work by Wang et al. 18) Supinaionoside B (2), [a] D ϩ10.5, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 30 O 8 . In the IR spectrum, signals for a ketone (1709 cm
) and an a,b-unsaturated ketone (1649 cm Ϫ1 )
were observed. The presence of the a,b-unsaturated ketone was also supported by the UV absorption at 238 nm. In the 13 C-NMR spectrum, six signals assignable to b-glucopyranoside was observed, the remaining 13 signals being assigned to three methyls, four methylenes, two methines and four quaternary carbons. From their chemical shifts, one of the methylene carbons was expected to have an oxygen atom and one of the methine carbons to be used to form a trisubstituted double bond. The above evidence indicated that 13 carbons made up a megastigmane skeleton. An isolated ketone was placed at C-9, for the same reason as in the case of 1, and one of the geminal methyl groups was oxidized to a carbinol, to which the sugar moiety was attached. The HMBC correlation cross peaks between the carbinol protons (d H 3.31, 3.72) and a methyl carbon (d C 22.2), and H 3 -11 protons (d H 1.11) and carbinol carbon (d C 76.8) indicated that the carbinol was located at one of the geminal methyls at C-1. Other HMBC cross peaks also supported the aglycone was megastigman-4-en-12-ol-3,9-dione (Fig. 5) . The absolute configuration of the 6-position was deduced to be S from the helicity rule in the circular dichroism (CD) spectrum [De (nm) Ϫ4.08 (256) and ϩ1.96 (324)], 19, 20) and this was also confirmed by comparison of the CD spectrum of the reduction product (2a) of 2, such as megastigman-4-en-9(R and S),12-diol-3-one [243 (ϩ0.69) nm (De)] with reported data for that of megastigman-4-en-9-ol-3-one.
21) The crucial nuclear Overhasuer exchange (NOE) correlation cross peaks between H-2 and the methylene protons (d H 1.71, 2.00) at C-7, and between H 2 -8 (d H 2.63, 2.66) and the singlet methyl at d H 1.11 in the PS-NOESY spectrum substantiated that the carbinol functional group was located at the 12-position. Therefore, the structure of supinaionoside B (2) was elucidated to be (1S,6S)-megastigman-4-en-12-ol-3,9-dione b-Dglucopyranoside, as shown in Fig. 1 .
Supinanitriloside A (3), [a] D Ϫ26.6, was isolated as an amorphous powder and its elemental composition was determined to be C 11 H 19 O 6 N on positive-ion HR-ESI mass spec- trometry. A weak but significant absorption band at 2247 cm Ϫ1 in the IR spectrum indicated the presence of a triple bond. In the 13 C-NMR spectrum, six carbons assignable to b-glucopyranose, one methyl, two methylenes with and without an oxygen atom, respectively and one methine and one quaternary carbon (d C 122) signal were observed. The 1 H-1 H COSY correlation sequence from H 2 -5, H-2, H 2 -3 to H 3 -4 was confirmed, as shown in Fig. 6 . The above evidence indicated that a nitrile functional group is attached at the methine carbon. HMBC correlations also supported the structure (Fig. 6 ). Glucose was analyzed to be of the D-series using the optical rotation detector. Therefore, the structure of supinanitriloside A (3) was elucidated to be 2-hydroxymethylbutanenitrile b-D-glucopyranoside, as shown in Fig.  1 . The stereochemistry at the 2-position remains to be determined.
Supinanitriloside B (4), [a] D Ϫ15.4, was isolated as an amorphous powder and its elemental composition was determined to be C 18 H 23 O 10 N on positive-ion HR-ESI mass spectrometry. The IR and UV spectral data indicated the presence of an ester linkage and an aromatic ring. The NMR spectra of 4 were similar to those of supinanitriloside A (3), except for obvious downfield shifts of C-6Ј (d C 62.8→64.7) and H 2 -6Ј (d H 3.87→4.54 and 3.65→4.41), and the presence of an extra seven carbon signals and an aromatic proton signal for two atoms (d H 7.08). The aromatic ring was symmetrically substituted and from the 13 C-NMR chemical shifts, seven extra carbons were revealed to form gallate. 22) Since, in the HMBC spectrum, H 2 -6Ј showed a correlation cross peak with a carboxyl carbon signal at d C 168.0, the structure of supinanitriloside B (4) was elucidated to be 2-hydroxymethylbutanen-
, was isolated as an amorphous powder and its elemental composition was the same as that of 4. In the NMR spectra, signals for a 6Ј-O-galloyl b-glucopyranosyl unit were exhibited similarly to for spinanitriloside B (4) . For the signals of an aglycone, two methyls, and one methylene and two quaternary carbon signals were assumed in the 13 C-NMR spectrum and two methyls appeared as triplet and singlet signals in the 1 H-NMR spectrum. One of the quaternary carbons consisted of a nitrile group and the other was expected to be with an oxygen atom from the chemical shift (d C 76.6). From these data, the aglycone was evidently 2-hydroxy-2-methylbutanenitrile, whose b-D-glucopyranoside co-occurred in this plant, and was first isolated from Lotus australis 23) and recently from Triticum monococcum. 14) From T. monococcum, both (R)-lotaustralin (12) and its 2-epimer, (S)-epilotaustralin, were isolated 14) and 13 C-NMR spectral data of the aglycone of 5
were essentially the same as those for (R)-lotaustralin (Table  2) . Therefore, the structure of supinanitriloside C (5) 3) signal were observed. The combination of these functional groups revealed the structure to be 3-hydroxy-3-methylbutanenitrile. Therefore, the structure of supinanitriloside E (7) was elucidataed to be 3-hydroxy-3-methylbutanenitrile b-D-glucopyranoside 6Ј-O-gallate, as shown in Fig. 1 .
Supinanitriloside F (8), [a] D ϩ3.1, was isolated as an amorphous powder and its elemental composition was determined to be C 11 H 19 O 6 N. Supinanitriloside F (8) was also a nitrile glucoside with a trisubstituted double bond and an ethyl group. The highly deshielded chemical shifts of the double bond (d C 157.6 with d H 7.28) indicated that an oxygen atom must be attached to it, which yielded an enol structure. This enol was stabilized through the formation of a glucosidic bond, which was confirmed by the HMBC correla- (Fig. 7) . Other HMBC correlations shown in Fig. 7 supported that the structure of the aglycone was 2-(hydroxymethylene)butanenitrile. Since, on irradiation of the olefinic proton in the difference NOE experiment, no enhancement of H 2 -3 was observed, the geometry of the double bond was tentatively presumed to be E. Therefore, the structure of supinanitriloside F (8) was elucidated to be its b-D-glucopyranoside, as shown in Fig. 1 . Two new megastigmane glucosides were isolated. Megastigmanes which possess a 5,11-oxyrane ring have been isolated from several plant sources. 13, [24] [25] [26] [27] [28] [29] [30] However, the present megastigmane with a 5,11-lactone ring is the second one isolated from nature. The first isolation was from Asclepias fruticosa by Abe and Yamauchi. 28) Six hydroxynitrile glucosides, supinanitrilosides A-F (3-8), were isolated. Nitrile glucosides are frequently found in nature and a review-like article was published in Phytochemistry by Bjarnholt et al. 31) From the discussion in their report, supinanitrilosides A-D (3-6) and also supinanitriloside F (8) were expected to be biosynthesized from isoleucine. Therefore, the absolute configuration at the C-2 position of supinanitrilosides A (3), B (4), and D (6) is probably the same as that at the b-position of isoleucine, namely the R configuration. Compounds related to supinanitriloside D (6), ribesuvanins A and B, which were expected to have the 2R configuration, have been isolated from Ribes uvacrispa. 24) Determination of their configuration at C-3 has yet to be performed. Nevertheless, one of them must have the 3R configuration and the other the 3S configuration. Based on from this expectation, the aglycone of supinanitriloside D (6) must be the same as one of the ribesuvanins. However, the 1 H-NMR data reported for neither ribesuvanins A nor B were coincidental with those of 6. Supinanitriloside F (8) must also be biosynthesized from isoleucine, due to the similar carbon skeleton and hydroxylation to supinanitrilosides A (3) and B (4).
Experimental
General Procedure Optical rotations were measured on a JASCO P-1030 digital polarimeter. IR and UV spectra were measured on Horiba FT-710 and JASCO V-520 UV/Vis spectrophotometers, respectively.
1 H-and 13 C-NMR spectra were taken on a JEOL JNM a-400 spectrometer at 400 MHz and 100 MHz, respectively, with tetramethylsilane as an internal standard. CD spectra were obtained with a JASCO J-720 spectropolarimeter. Positive-ion HR-ESI-MS was performed with an Applied Biosystems QSTAR ® XL NanoSpray TM System. A highly porous synthetic resin (Diaion HP-20) was purchased from Mitsubishi Kagaku (Tokyo, Japan). Silica gel CC was performed on silica gel 60 (E. Merck, Darmstadt, Germany), and ODS open CC on Cosmosil 75C 18 -OPN (Nacalai Tesque, Kyoto) [Fϭ50 mm, Lϭ25 cm, linear gradient: MeOH-H 2 O (1 : 9, 1 l)→(1 : 1, 1 l), fractions of 10 g being collected]. The DCCC (Tokyo Rikakikai, Tokyo, Japan) was equipped with 500 glass columns (Fϭ2 mm, Lϭ40 cm), and the lower and upper layers of a solvent mixture of CHCl 3 -MeOH-H 2 O-n-PrOH (9 : 12 : 8 : 2) were used as the stationary and mobile phases, respectively. Five-gram fractions were collected and numbered according to their order of elution with the mobile phase. HPLC was performed on an ODS column (Inertsil; GL Science, Tokyo, Japan; Fϭ20 mm, Lϭ250 mm, 6 ml/min), and the eluate was monitored with a UV detector at 254 nm, and a reflective index monitor. Crude hesperidinase was a generous gift from Tanabe Pharmaceutical Co., Ltd. The (R)-(ϩ)-and (S)-(Ϫ)-a-methoxy-a-trifluoromethylphenylacetic acids (MTPA) were purchased from Nacalai Tesque Inc. (Kyoto, Japan).
Plant Material Whole plants of E. supina were collected in Hiroshima, Japan, in August 1998, and a voucher specimen was deposited in the Herbarium of Pharmaceutical Sciences, Graduate School of Biomedical Sciences, Hiroshima University (98-ES-Hiroshima-0915).
Extraction and Isolation Air-dried whole plants of E. supina (3.68 kg) were extracted three times with MeOH (15 lϫ3) at room temperature for one week and then concentrated to 3 l in vacuo. The concentrated extract was washed with n-hexane (3 l, 46.6 g) and then the MeOH layer was concentrated to a gummy mass. The latter was suspended in water (3 l) and then extracted with EtOAc (3 l) to give 117 g of an EtOAc-soluble fraction. The aqueous layer was extracted with 1-BuOH (3 l) to give a 1-BuOH-soluble fraction (118 g), and the remaining water-layer was concentrated to furnish 364 g of a water-soluble fraction. ) to yield 7.0 mg of 6 from the peak at 15 min, 12.8 mg of 9 from the peak at 10 min, and 13.2 mg of 1 and 6.4 mg of 2 from the peaks at 13 min and 16 min, respectively. The residue (25.9 g in fractions 9-13) of the 40-60% MeOH eluate obtained on HP-20 CC was subjected to silica gel (500 g) CC with increasing amounts of MeOH in CHCl 3 Sugar Analysis About 500 mg of each compound, except for 1, was hydrolyzed with 1 N HCl (0.1 ml) at 100°C for 2 h. The reaction mixtures were partitioned with an equal amount of EtOAc (0.1 ml), and the water layers were analyzed with a chiral detector (JASCO OR-2090plus) on an amino column [Asahipak NH2P-50 4E, CH 3 CN-H 2 O (4 : 1), 1 ml/min]. All hydrolyzates gave a peak for D-glucose at 13.7 min with a positive optical rotation sign. The peak was identified by co-chromatography with authentic Dglucose.
Enzymatic Hydrolysis of Supinaionoside A (1) Supinaionoside A (1) (7.3 mg) in 2 ml of H 2 O was hydrolyzed with emulsin (13.2 mg) and crude hesperidinase (6.0 mg) for 15 h at 37°C. The reaction mixture was evaporated to dryness, and then the methanolic solution was absorbed on silica gel and subjected to silica gel CC (20 g, Fϭ18 mm, Lϭ21 cm) with CHCl 3 (100 ml) and CHCl 3 -MeOH (19 : 1, 100 ml, 9 : 1, 100 ml, 17 : 3, 100 ml and 7 : 3, 300 ml), 12 ml fractions being collected. An aglycone (1a) (4.2 mg, 96%) and D-glucose (3.0 mg, 92%) were recovered in fractions 19-23 and 38-48, respectively.
